Abstract. Ag(3 nm)/Fe(35 nm)/Ag(3 nm) nanogranular films were fabricated by magnetron sputtering system onto glass substrates and subsequently annealed at different temperature. The microstructure and magnetic properties of Ag/Fe/Ag films were investigated as the annealed temperature increases from room temperature to 500 °C. The XRD patterns indicate that annealing disposal does not change crystal structure of the films. The SPM was used to get the morphology and magnetic domain structures, the SPM results reveal that the annealed temperature has a great effect on the average grain size. The VSM results show that out-of-plane coercivity reaches maximum about 3.3 kOe after annealed at 500 °C. The result of δM plot indicates that the intergranular interactions are mainly of magnetostatic interaction. It concludes that the reduction of exchange interaction and the enhancement of coercivity, which maybe result from the nonmagnetic silver atoms, diffuse into the grain boundaries of magnetic grains during annealing.
Introduction
Nanosized magnets with various shape and size have long attracted the attention of scientific researchers due to their potential for practical application. In recent years, a large amount of experimental work, especially on the investigation of Fe-base and Co-base alloy material [1] [2] [3] [4] [5] , has been undertaken to search new materials which have high coercivity, high magnetic anisotropy, good corrosion resistance and large energy products.
Recently, considerable attention has been paid to the investigation of Fe-base films due to their cost reduction. According to relevant literature reports, nonmagnetic particle coating in magnetic particle boundary can effectively reduce the noise of medium, and then improve its microstructure and magnetic properties. It has been reported that Ag is a good buffer layer for FePt and CoPt recording media [6, 7] . Peng et al. reported the effects of Ag layer thickness on magnetic properties and microstructure of Ag/Fe/Ag granular films [8] . It is speculated that Ag is probably also a kind of ideal buffer layer material for Fe medium. Therefore, it is reasonable that the nonmagnetic Ag atoms might diffuse into the grain boundaries of magnetic Fe grains during annealing process, and thereby leading to highly coercivity, highly magnetic anisotropy.
It is worth noting that the annealed temperature also has an important effect on microstructure and magnetic properties of Ag/Fe/Ag nanogranular films. In the present paper, we report the fabrication of Ag(3 nm)/Fe(35 nm)/Ag(3 nm) films by magnetron sputtering system, and also discuss the effect of annealed temperature on microstructure and magnetic properties of such films using SPM、XRD and VSM.
Experimental Works
Ag(3 nm)/Fe(35 nm)/Ag(3 nm) films were deposited onto glass substrates using a DC facing-target magnetron sputtering system. The base pressure was 1.5×10 -5 Pa and argon working pressure was 0.5 2nd Annual International Conference on Advanced Material Engineering (AME 2016)
Pa. Subsequently, the obtained samples were in situ annealed at a temperature ranging from 200 °C to 500 °C for 30 min in vacuum. The magnetic properties of the films were measured with vibrating sample magnetometer (VSM) at room temperature. The atomic force microscopy (AFM) and magnetic force microscopy (MFM) images were scanned using scanning probe microscope (SPM). The crystal structure of the films was analyzed by x-ray diffraction (XRD) with Cu Ka radiation. δM plot was used to give a direct survey of intergranular interaction between neighboring grains [9] .
Results and Discussion
(1) The analysis of the crystal structure of the films The patterns show that all the films can observe FCC Ag(111) peak and BCC Fe(110) peak, which clearly indicates that annealing disposal does not change crystal structure of the films. As annealed temperature is increased, the 2θ values of Fe(110) peak have a slightly shift, the change trend shown in Figure 1b . It indicates that annealing disposal can change the lattice constant of the film. It is known that the lattice constant is increased as the 2θ values of Fe(110) peak decreased. We conclude that as-deposited film has not interpenetration between Ag and Fe layer grain, so lattice constant quite small. After annealed at 200 °C, tiny thermal disturbance makes interparticle spacing increase, leading to increase of lattice constant. As annealed temperature is increased to 300 °C or 400 °C, the nonmagnetic Ag atoms diffuse into the magnetic Fe grain boundary to reduce lattice constant. However, annealed at 500 °C, Ag atoms are separated from Fe layer as its low surface energy, results to the increase of lattice constant again. It is worth mentioning that the increase of lattice constant can arose the decrease of saturation magnetization(Ms), and this indicates that 2θ values of Fe(110)and Ms should have a same change trend as shown in Fig1b. Fig.2 . Coercivity of the film with different annealed temperature T a , the inset is out-of-plane hysteresis loops of annealed at 500°C of the film.
(2) The analysis of the magnetic properties of the films Fig.2 shows in-plane and out-of-plane coercivity of Ag(3 nm)/Fe(35 nm)/Ag(3 nm) films change as a function of annealed temperature. We can see that, the change of in-plane and out-of-plane coercivity first smoothly changes then sharply increases with increasing annealed temperature. The coercivity of in-plane and out-of-plane both reaches maximum after annealed at 500 °C, out-of-plane coercivity reaches to 3.3 kOe. The inset is out-of-plane hysteresis loops of annealed at 500°C of the film. The reason for obtained such highly coercivity may be attributed to that Ag under-layers separate island-like grain distributing on substrates and Ag cap-layers move into Fe layers properly at right temperature, which effectively reduce the exchange-coupling interaction between grains. It is confirmed by δM(H) plot [10] as shown in Fig. 3 . Fig.3 . δM plot of the film annealed at 500°C
According to correlative literatures report, magnetic intergranular interactions have a great effect on macro-magnetism of materials. Intergranular interactions can describe by δM(H) plot. So we measure dc demagnetization remanence measurement (DCD) and isothermal remanence magnetization (IRM) using VSM，and calculate δM(H) plot shown in Fig.3 . δM(H) plot of the film annealed at 500 °C has positive and negative peak. But negative peak is larger, it implies that intergranular interactions is mainly of magnetostatic interaction. It maybe attributes to the nonmagnetic silver atoms diffuse into the grain boundaries of magnetic grains during annealing, which is also the reason for highly coercivity of the film annealed at 500 °C. Further characterization of the above results was carried out by SPM. For MFM images, dark and light regions represent the magnetic clusters in which the magnetic moments align in the same direction, parallel or perpendicular to the film normal. Figure 4 shows AFM and MFM images of the films with as-deposited and annealed at 500 ˚C. MFM images scanned the same regions with AFM images of the Ag (3nm)/Fe (35nm)/Ag (3nm) thin films. The as-deposited film has a small grain with uniform distribution. Annealed at 500 ˚C, the average grain size and the maximum average roughness are increased to 14 nm and 1.2 nm, while the average magnetic domain size is decreased. The above results reveal that the annealed temperature has a great effect on the average grain size and the maximum average roughness. In addition, roughness has a great effect on coercivity, usually coercivity is higher when roughness is larger. In our experiment, roughness reaches maximum after annealed at 500 °C, the corresponding coercivity also reaches to maximum, which is in good agreement with magnetic measure.
Conclusions
Ag(3 nm)/Fe(35 nm)/Ag(3 nm) films were prepared by magnetron sputtering, and subsequently annealed at various temperature. The XRD patterns show that all the films observed FCC Ag(111) peak and BCC Fe(110) peak. The as-deposited film has a small grain with uniform distribution, the roughness of the films reaches maximum after annealed at 500 °C. The coercivity of the films increases from 200 Oe to 3.3 KOe as the annealing temperature increases from room temperature to 500 ℃. δM plot indicates that intergranular interaction is mainly of magnetostatic interaction. It maybe attributes to the nonmagnetic silver atoms diffuse into the grain boundaries of magnetic grains during annealing.
